Background. Over a 16-year period, we conducted a clinical study of malaria acquired worldwide in adults from malaria-nonendemic countries, to determine risk factors for severe Plasmodium falciparum malaria.
Malaria is a major cause of morbidity and mortality worldwide, especially in young African children, and the risk of acquiring it is increasing among travelers, predominantly adults from countries in which malaria is not endemic. Children in Africa and travelers represent "two distinct worlds of malaria" [1] . Much research on malaria has appropriately been directed at children in areas of relatively high transmission; few studies have examined the full spectrum of malaria in travelers from malaria-nonendemic countries who had little or no exposure during childhood. Such studies can provide valuable information on a population group not complicated by other confounding factors, such as malnutrition, immunosuppression, and multiple pathologies. Those studies in travelers that have been published either have largely focused on demographic factors [2] [3] [4] , subgroups of patients (e.g., those with malaria due to different parasite species) [5, 6] , mild disease [7] , severe disease alone [8] , or children [9] or have been relatively small [10] [11] [12] . Studies in malaria-nonendemic regions provide a unique opportunity to examine the risk of severe disease in individuals of different ethnic backgrounds and relative to previous exposure. Few studies, however, have addressed this question comprehensively: one alluded to a lower frequency of severe disease in African patients than in other patients but did not include other defined ethnic groups or a control group with mild malaria [8] . A study in Italy suggested a lower frequency of severe disease in immigrants (1.3%) than in nonimmigrants (9.2%) but did not provide details on ethnic background [2] . To examine the risk factors for severe malaria, we studied the clinical and laboratory features related to 676 episodes of malaria (482 due to Plasmodium falciparum) acquired worldwide and treated in a malaria-nonendemic setting in 3 distinct ethnic groups.
METHODS

Study participants.
From April 1991 to May 2006, we identified all episodes of malaria diagnosed in adults (16 years or older) managed by the Infectious Diseases Unit at Northwick Park Hospital, London, United Kingdom. This specialist unit receives referrals from the emergency department, primary care physicians, and London's Heathrow Airport, as well as tertiary referrals.
Data collection. Diagnoses were made on the basis of blood film or rapid diagnostic test results and were confirmed by the Health Protection Agency, Malaria Reference Laboratory, London, United Kingdom. Patients with malaria due to Plasmodium vivax, Plasmodium ovale, or Plasmodium malariae were grouped together as having nonfalciparum malaria.
We used the World Health Organization (WHO) criteria for the definition of severe falciparum malaria (hereafter, "WHOdefined severe falciparum malaria") as the primary outcome variable [13] . However, to facilitate the assessment of risk factors (such as parasitemia and creatinine level) that form part of the WHO definition of severity as possible predictors, we developed 2 additional outcome variables. The composite variable "unfavorable outcome" was defined as death, admission to the intensive therapy unit (ITU), or a length of stay in the hospital of 5 days or more, and the continuous outcome variable "length of hospital stay" captured varying levels of disease severity. We used a length of stay of 5 days or more because 197% of our patients with nonfalciparum malaria were discharged before 5 days.
Ethnicity was defined as black (black African and black AfroCaribbean), Asian (from South Asia, specifically, India, Pakistan, Sri Lanka, and Afghanistan), and white. Ethnicity was self-declared by the patient or recorded by the admissions officer on the admission sheet. There were no patients of Southeast Asian or Melanesian origin. Residence was defined as the country in which the patient was resident during the preceding 12 months. Previous malaria was recorded only if patients clearly recalled previous clinical episodes; otherwise, unknown status was recorded. Latency was defined as the time, in days, between arrival in the United Kingdom and the onset of first symptoms. The study was approved by the Harrow Research Ethics Committee (REC 06/Q0405/24).
Data analysis. In the descriptive analysis, categorical variables were summarized by frequencies, and numerical variables were summarized by means and SDs if normally distributed and by medians and interquartile ranges if nonnormally distributed. Logistic regression was used to examine the association between potential predictors and the outcome variables WHO-defined severe falciparum malaria and unfavorable outcome. Linear regression was used to examine the association between potential predictors and length of hospital stay. Only factors that showed evidence of a significant effect ( ) in P ! .02 the univariate analyses were included in the multivariate analyses. A backward selection procedure was used to determine the initial model. Some numerical explanatory variables found to be highly skewed in their distribution were log transformed. Parasitemia was categorized according to a clinically relevant threshold (i.e., !2% and у2%)-parasitemias of !2% are treated with oral antimalarials and those of у2% with parenteral antimalarials, according to United Kingdom national guidelines [14] . Statistical analyses were performed using Stata software (version 9.2; StataCorp).
RESULTS
A total of 723 episodes of malaria were identified by blood film (720) or rapid diagnostic test (3); exclusions are shown in figure  1 . Finally, 676 cases were analyzed, of which 482 (71%) were due to P. falciparum; the remainder (194 [29%]) were due to nonfalciparum parasites. P. falciparum was present in 4 of 6 mixed infections.
Demographic and admission characteristics of patients with nonsevere and WHO-defined severe falciparum malaria are compared in table 1. No infections were acquired in Southeast Asia or Melanesia. In our study, 27 patients (24 African, 2 Asian, and 1 white) with falciparum malaria chose, for one reason or another, not to be admitted and were followed up by our infectious diseases assessment service. All the patients who were not admitted recovered, and none developed severe disease. Of the patients with severe malaria, 75 (16%) had WHO-defined severe falciparum malaria. Of these, 6 (8%) died, 6 (8%) had cerebral malaria, 31 (41%) had an impaired conscious level, 30 (40%) had parasitemias of у10%, 8 (11%) had renal failure, 7 (9%) developed acute respiratory distress syndrome (of whom 4 died), 1 (1%) had disseminated intravascular coagulation, and 1 (1%) had blackwater fever. A number of patients had combinations of these indicators of severity. Twenty nine (39%) of the patients with severe falciparum malaria were admitted to the ITU. Of the patients with severe cases, 55 (73%) were male, the majority (52/65 [80%]) resided in the United Kingdom, and most were holidaymakers in the malarial area. Only 23 of the patients with severe falciparum malaria were known to be taking antimalarials of any kind; of these antimalarials, only 8 were taken as prescribed, and 6 of these 8 were inappropriate. Thus, only 2 (3%) of 75 patients with severe disease had received a regimen regarded as adequate. Of the 6 patients who died, 4 were Asian, 2 were white, and none was black. None received adequate antimalarials-3 took no antimalarials, and 3 had inadequate regimens.
Those with severe falciparum malaria were found to be older ( ), with an increase in age of 10 years being associated P p .002 with the odds of severe malaria increasing by 130%. White patients had the highest risk of severe falciparum malaria, and black patients had the lowest (
). There was no signif-P ! .001 icant difference in severity between Asian and white patients ( ). The lowest frequency of severe falciparum malaria P p .21 occurred among those who had traveled to West Africa, and the highest frequency occurred among those who had traveled to southern Africa ( ). Any history of previous malaria P ! .001 was associated with a significant decrease in the likelihood of severe falciparum malaria ( ), with the odds of severe P ! .001 malaria being ∼5 times lower for those with any history of previous malaria. Overall, 50 (71%) of the patients with severe disease had not had malaria before, 5 had had it once only, and 10 had had it 13 times; for the remaining 5, their status was unknown. Even patients who reported between 1 and 3 attacks showed a reduced likelihood (5%) of developing WHOdefined severe falciparum malaria, compared with those who had not ever had clinical malaria (31%).
Both parasitemia (у10%) and creatinine level (у265 mmol/ L) are part of the definition of severe malaria, and the significance of these associations with severity needs to be interpreted with caution. It is, however, important that 27% of patients classified as having severe falciparum malaria by the WHO criteria had parasitemias of !2% but that only 19% of those with parasitemias of у2% did not have severe falciparum malaria (у2% was chosen as the cutoff because it is a determining factor in the mode of treatment given in the United Kingdom guidelines [14] ). A number of other clinical and laboratory measures-including pulse and respiratory rate; hemoglobin level; WBC, neutrophil, and platelet counts; calcium level; creatinine level; albumin level; bilirubin level; alanine aminotransferase level; activated partial thromboplastin time; and C-reactive protein level-were associated with an increased risk of severe falciparum malaria (table 1) .
Importantly, ethnic group, lack of a history of previous malaria, decreased hemoglobin level and platelet count, and increased WBC count remained significantly associated with WHO-defined severe falciparum malaria in a multivariate logistic regression analysis (table 2). The odds of severe falciparum malaria were as much as 8-fold higher among white NOTE. "Unfavorable outcome" was defined as death, admission to the intensive therapy unit, or length of stay in the hospital of 5 days or more. The final regression model was based on 436 patients with available data (of a total of 482 patients).
a OR is given for a 10-U change in the explanatory variable. b Variable was analyzed on a log scale.
and Asian patients than among black patients, even after adjustment for other risk factors. Moreover, in this multivariate analysis the odds of severe disease was significantly reduced (∼3-fold) among patients with any history of previous malaria relative to those among patients who had not ever had malaria. Although parasitemia is included in the WHO definition (with a cutoff of 10%), it is of note that, when a cutoff of 2% was used, parasitemia had a direct relationship with severe disease, with the odds of severe falciparum malaria in multivariate analysis being almost 5 times higher among patients with parasitemias of у2%. A reduced hemoglobin level and platelet count and a raised WBC count were associated with severity. A 1-U increase in WBC count ( cells/L, or 1000 cells/mL) in- 9 1 ϫ 10 creased the odds of severe falciparum malaria by 39%.
To exclude the confounding that results from parasitemia and creatinine level being included in the WHO definition of severity, we analyzed the cases according to alternate definitions of severity. An unfavorable outcome (as defined in Methods) occurred in 127 patients (26%) (figure 1). Univariate analysis revealed associations similar to those found in the analysis using the WHO definition of severity (table 1) . Multivariate analysis once again indicated that ethnic group had a significant independent association with the occurrence of an unfavorable outcome, along with other factors shown in table 3. The odds of an unfavorable outcome were ∼4 times higher among white and Asian patients than among black patients. Patients with parasitemias of у2% had an increased likelihood of an unfavorable outcome, with odds 14 times higher than those of patients with parasitemias of !2%. Other significant clinical and laboratory factors are shown in table 3. It is of note that previous exposure was not significant in the multivariate analysis of an unfavorable outcome.
Multiple linear regression was used to analyze the effect that the variables have on a continuous outcome measure, namely, length of hospital stay (table 4). After adjustment for the other variables in the model, there was a significant association between ethnic group, parasitemia, temperature, respiratory rate, neutrophil count, platelet count, albumin level, and length of hospital stay. As in the univariate analysis, black patients had the shortest hospital stay relative to the other 2 ethnic groups. The lengths of stay in the hospital for white and Asian patients were, on average, 40% and 34% longer than that for black patients, respectively. Parasitemia was again found to have a large effect on the length of hospital stay. Patients with parasitemias of 2%-9.9% had stays in the hospital that were, on average, 32% longer than those of patients with parasitemias of !2% and 67% longer than those of patients with parasitemias of у10%. Increased values for temperature, respiratory rate, and neutrophil count on admission were also associated with longer stays in the hospital. A 10-U increase in respiratory rate was associated with the length of hospital stay increasing by 18%. Last, reduced platelet and albumin values were associated with a longer stay in the hospital.
Finally, for all 3 measures of disease severity, no significant interactions between ethnic group and any of the other variables were found. In particular, there was no interaction with history of previous malaria, implying that the ethnic differences were independent of previous exposure. .01
NOTE. The final regression model was based on 375 patients with available data (of a total of 476 patients; 6 patients who died were excluded).
a ORs are given for a 10-U change in the explanatory variable. b ORs are given for a 1-U change in the explanatory variable.
DISCUSSION
The present large study, which included 482 patients with falciparum malaria, examined risk factors for 3 different measures of disease severity. Patients belonged to 3 distinct ethnic groups, and although a number of black and Asian patients had had malaria previously, the majority were second-generation United Kingdom residents without previous exposure. We were thus able to distinguish between the effects of innate and acquired immunity in relation to the development of severe disease. The most striking observation was that black patients had a significantly reduced risk of developing severe disease by all 3 of the measures. When the WHO definition was used, the odds of severe falciparum malaria in multivariate analysis were 18 times higher among white and Asian patients relative to those among black patients. Numerous single parameters correlated with WHO-defined severe falciparum malaria in univariate analysis. In multivariate analysis, white or Asian ethnicity, together with parasitemia of у2% and no history of previous malaria, was the most predictive of WHO-defined severe falciparum malaria, and similar variables (with the exception of previous exposure) were predictive of an unfavorable outcome. In the multivariate analysis of length of stay, there was also a highly significant effect of ethnic group and parasitemia. Black patients had the shortest stay in the hospital; durations were 34% longer among Asian patients and 46% longer among white patients than among black patients. Patients with parasitemias of у2% stayed in the hospital at least 50% longer than did those with parasitemias of !2%.
Having established that black patients were at reduced risk of severe falciparum malaria, a major consideration was whether this was due to either innate or acquired immunity. Ethnicity was found to be independent of the other risk factors, and among each ethnic group the proportion of patients with WHO-defined severe falciparum malaria was greater for those who did not have a history of previous malaria than for those who did. Even patients who reported 1-3 episodes had a reduced likelihood of WHO-defined severe falciparum malaria, compared with those who had not ever had clinical malaria. Our data provide the first demonstration in adults outside a malaria-endemic country that immunity to disease may be acquired after relatively little exposure. Similar findings have suggested the relatively rapid acquisition of protection against severe malaria after 1 or 2 infections, albeit in children living in an malaria-endemic area [15] . Although we have shown that a history of malaria might protect against severe disease, presumably via mechanisms of acquired immunity, other factorsmost likely genetic-that contribute to protection remain. However, even in Africa the sickle hemoglobin gene, as important as it may seem, probably accounts for only 2% of the total variation in the overall effect that host genetics has on the risk of malaria [16] . It is important to point out that previous exposure was not found to be significantly associated with an unfavorable outcome or length of hospital stay.
Contrary to our findings, a recent study reported that patients (largely black Africans) originating from malaria-endemic countries were not less likely to develop severe disease [17] . However, the definition of severe malaria is crucial; a lessstringent modification of the WHO definition was used in that study, resulting in a relatively small number (25) of severe cases. By the WHO criteria, only 10 of the cases could be described as being truly severe. Of these, 5 (50%) occurred in white or Asian patients, who were thus overrepresented, given that they constituted only 33% of the overall study population. In a recent study of 33 deaths due to falciparum malaria in Switzerland, the case fatality ratio was 18 times higher among Europeans than among non-Europeans [18] . Our study contained 3 distinct ethnic groups, 2 of which (Asians and white patients) were found to be at increased risk of severe malaria.
Regarding the limitations of our study, we are aware that the WHO criteria for severe disease include a number of unvalidated parameters [19] . Although unrousable coma clearly identifies a group at risk, it has been debated whether an alteration in consciousness of lesser severity is a truer measure of severe disease. We therefore conducted analyses including and excluding those patients with impaired consciousness alone as a criterion for severe disease, and both found the same relative risk for the different ethnic groups (data not shown). Likewise, there is little agreement as to what level of parasitemia indicates severe malaria (e.g., у5% or у10%)-we chose the morestringent definition of у10%. Moreover, although age was found to be a significant risk factor for WHO-defined severe falciparum disease in univariate analysis (in agreement with the findings of a recent study [20] ), it was not a significant risk factor in multivariate analysis. In addition, our study, conducted as part of routine clinical care, was not able to capture in any significant level of detail the amount of time that had elapsed since a previous clinical episode, which we believe may be an additional important factor in determining the risk of severe disease. A further consideration for the use of the WHO definition of severe malaria in descriptive clinical studies is that it was developed largely for the purpose of standardizing clinical trials and reflects admission criteria rather than outcome measures. In clinical practice, many of the measures of severity are not present on admission and may develop insidiously or sometimes unexpectedly during the subsequent course of disease [8] . These delayed manifestations are commonly those of acute respiratory distress syndrome, acute renal failure, and death. There is the additional problem that parasitemia and creatinine level are included in the WHO definition, thus excluding their usefulness as determinants of severe malaria. Therefore, to increase the robustness of our conclusions we also analyzed our patients by means of an additional measure, unfavorable outcome (death, admission to the ITU, or length of stay in the hospital of 5 days or more). Additionally, because dichotomizing variables such as length of hospital stay has its own inherent problems [21] , we also used length of stay as a simple continuous measure of disease severity.
Our study provides further support for the cutoff of 2% for parasitemia in the United Kingdom clinical guidelines for the use of parenteral antimalarials [22] . In our study, patients with parasitemias of у2% had odds of severe malaria 12-fold higher than those of patients with parasitemias of !2%. A recent systematic review of the treatment of malaria in the United States advocates parenteral treatment only when parasitemias exceed 5% [23] . Given that a randomized, controlled trial of outcome among nonimmune patients is unlikely to be conducted in the future, we would recommend the use of the more-conservative threshold of 2%. Intravenous artesunate would now be preferable [24] , although all patients enrolled in the present study were treated with quinine.
In conclusion, our study-conducted in a malaria-nonendemic country and of sufficient size, ethnic mix, and range of disease severity-demonstrates that ethnicity and parasitemia are major independent risk factors for severe falciparum malaria. In the clinical assessment of any case of malaria, a number of findings relating to prognosis need to be taken into account, and we have also shown that the risk associated with ethnicity is independent of other factors and might be the result of known (or unknown) genetic polymorphisms. Our data, generated using the WHO definition of severe falciparum malaria, support the contention that a history of previous clinical malaria significantly reduces the likelihood of severe disease, but determining how this finding and the finding of a variation in susceptibility among ethnic groups translate into management guidelines will require further targeted prospective studies.
